Arguably, no subject in ecology is as broad and inclusive, yet fundamental, as biodiversity. The diverse facets of biodiversity are reflected by the plethora of its definitions, measurements, maintenance theories and management practices across spatial and temporal scales. In May 2011, we held a symposium for Theoretical Ecology and Biodiversity in Guangzhou, China, to showcase just that multitude of biodiversity. The symposium was sponsored by the State Key Laboratory of Biocontrol, Sun Yat-sen University and University of Alberta. We sought to achieve three goals. The first was to provide a venue to present and exchange the state of the art of biodiversity science. The second was to establish mentoring relationships by connecting a group of young ecologists to the internationally renowned scientists who were invited to attend the symposium. This special issue is the third goal we have accomplished.
This special issue comprises 11 papers. Together, they represent the latest developments in methods, theories and applications that are broadly related to biodiversity. The first three papers by Colwell, Lele, and Connolly and colleagues, respectively, present the methodological advances in measuring and modeling biodiversity. Species richness is the single-most important diversity measure. Much effort has been devoted to developing methods for estimating and comparing richness from samples. Colwell et al. contributed to the problem by integrating many existing and new methods for richness interpolation (rarefaction) and extrapolation under a unified statistical framework. This is hitherto the most elegant unification of richness estimators we have seen. On a different but related problem, Lele et al. developed a method for estimating another basic ecological quantity-site occupancy of populations or called species incidence in the richness estimation literature. Without exception, existing methods for estimating site occupancy require repeated visits to a site and assume populations are closed to migration. The method of Lele et al. relaxes the closure assumption and only requires a single survey as long as (i) there are covariates that affect both occupancy and detection probabilities and (ii) the sets of covariates that affect the two probabilities are not identical. The method is expected to greatly facilitate the application of occupancy estimation. In the third paper, Connolly and Thibaut proposed a new method for parameterizing two commonly used species abundance distributions (the Poisson lognormal and the negative binomial models) by considering species that are present in the community but are not observed in the samples. The method helps solve another important problem-estimating richness from modeling species abundance distributions-that has largely been overlooked in the contemporary literature but was exposed by E. C. Pielou nearly four decades ago.
Over the past decade, the landscape of biodiversity study has greatly changed, driven by Hubbell's neutral theory and fueled by the subsequent debate over niche and neutral theories. This issue is not an exception from this development but represents an effort to close the gap between the divided niche and neutral paradigms. Six papers fall into this group with one on niche study and five on neutral theory. McGill tested the assumption that species grow best in sites where they are most abundant. Analysis on the growth (as measured by tree ring increment) and abundances (measured by importance value) of 15 tree species in eastern North America revealed a surprising negative correlation between tree growth and abundance. This result rejected the optimal niche hypothesis but presumably supported the ''inclusive niche hypothesis.''
Of the five studies related to neutral theory, Ostling first investigated spatial synchrony between distant sites under neutral theory, thereby critiquing a previous claim that neutral theory cannot explain spatial synchrony over long distances observed in fossil pollen data. Ostling found that spatial synchrony can arise neutrally by means of fat-tailed dispersal, although there are other patterns that are unlikely to occur without stabilizing forces. The paper by Rosindell et al. tackles a widely neglected but obvious problem in study of neutral theory. Strictly speaking, neutral theory is only applicable to describing the demographic dynamics of reproductive adults, but in applications both juveniles and adults are included to model and test neutral theory. Rosindell et al. proposed an agestructured neutral model and found tree size threshold can considerably bias the predictions of neutral models. To minimize biases, age structure should be considered in neutral studies.
The next three papers by He, Zhang, and Peng and their colleagues together represent an effort to generalize neutral models by considering fitness equivalence. These models are equalization models by definition and they are progressively related in terms of the neutral processes that are included. He et al.'s is a nearly neutral model that extends the Moran-Hubbell model by considering differential birth and death rates among species. The nearly neutral model does not include speciation and is in fact a non-neutral model. He et al. investigated the effect of drift on species coexistence and the loss of diversity and found that species near demographic tradeoffs can coexist even longer than that of strictly neutral species. The weaker asymmetric neutral model of Zhang et al. considers fitness equivalence and speciation. The model predicts the classic log series species abundance distribution but the incorporation of demographic tradeoff leads to a very different interpretation of the relation between Fisher's a and Hubbell's fundamental biodiversity number. Peng et al. moved one step further from the fitness equivalence neutral model of Zhang et al. with inclusion of dispersal and recruitment limitations. They found that strong dispersal and recruitment limitations are required to set off even a slight departure from competitive symmetry. They further found that dispersal and recruitment limitations had different effects on community structure: the shapes of the species abundance distribution and species-area relationship were more affected by dispersal limitation, while competitive exclusion was more affected (slowed) by recruitment limitation.
The final two papers represent the applied facet of biodiversity-how we may assess and understand diversity on the ground so as to better manage and conserve it. Bergeron et al. studied ground-beetle diversity in a boreal forest of Alberta, Canada, and compared the efficacy of ecosystem classification maps and remotely sensed tree canopy cover data for predicting the diversity of ground beetles. They found the Alberta provincial ecosystem classification maps were a better tool for indicating beetle diversity. This work has important implications for the assessment and management of biodiversity at landscape scales in Canada and elsewhere. In the southern hemisphere, Bradshaw reviewed the history of deforestation in Australia since European settlement in the late 18th century. Over the last 200 years, particularly in the most recent 60 years, Australia has lost about 38% of it's forests, and much more has been severely degraded. Considering that this deforestation occurred only in ;200 years and the population of Australia is just 22.5 millions-a fraction of the population in China (1340 millions)-deforestation in other parts of the world could be much worse. We face a pressing challenge to learn the most important lessons from the past in order to build a more sustainable future.
Many people have contributed to the Guangzhou symposium and the publication of this special issue. The space does not allow us to name them all but we are especially obliged to Xiaoling Yang and Jingyi Gu for their hardwork making the symposium a big success. We are grateful to the many reviewers who pleasantly responded to our review requests on short notice. They sharpened this issue. Finally, we thank Editors, Dr Shiquan Wan and Dr Lijuan Liu, for inviting us to guest-edit this special issue. Without their support the publication of this issue would not have been possible.
